The childhood obstructive sleep apnea syndrome (OSAS) is associated with behavioral abnormalities. Studies on the effects of OSAS treatment on behavior are conflicting, with few studies using a randomized design. Further, studies may be confounded by the inclusion of behavioral outcome measures directly related to sleep. The objective of this study was to determine the effect of adenotonsillectomy on behavior in children with OSAS. We hypothesized that surgery would improve behavioral ratings, even when sleep symptom items were excluded from the analysis. Methods: This was a secondary analysis of Child Behavior Checklist (CBCL) data, with and without exclusion of sleep-specific items, from the Childhood Adenotonsillectomy Trial (CHAT). CBCL was completed by caregivers of 380 children (7.0+1.4 [range 5-9] years) with OSAS randomized to early adenotonsillectomy (eAT) versus 7 months of watchful waiting with supportive care (WWSC). Results: There was a high prevalence of behavioral problems at baseline; 16.6% of children had a Total Problems score in the clinically abnormal range. At follow-up, there were significant improvements in Total Problems (p < .001), Internalizing Behaviors (p = .04), Somatic Complaints (p = .01), and Thought Problems (p = .01) in eAT vs. WWSC participants. When specific sleep-related question items were removed from the analysis, eAT showed an overall improvement in Total (p = .02) and Other (p = .01) problems. Black children had less improvement in behavior following eAT than white children, but this difference attenuated when sleep-related items were excluded. Conclusions: This large, randomized trial showed that adenotonsillectomy for OSAS improved parent-rated behavioral problems, even when sleep-specific behavioral issues were excluded from the analysis.
INTRODUCTION
The obstructive sleep apnea syndrome (OSAS) is common in children, with a prevalence of 1-4%. 1, 2 Numerous studies have shown that childhood OSAS is associated with behavioral abnormalities 3 that may improve after treatment. 4, 5 However, many studies have been limited by small sample size, heterogeneous study groups, or inadequate control for socioeconomic status and race, and no randomized controlled trials have been performed.
In contrast, the Childhood Adenotonsillectomy Trial (CHAT) was a multicenter, randomized controlled trial evaluating a large cohort of school-aged children randomized to either early adenotonsillectomy (eAT) or 7 months of Watchful Waiting with Supportive Care (WWSC). 6 The CHAT study showed few improvements in psychometrician-measured neurocognitive outcomes in the eAT versus WWSC group but did show improvements in global measures of behavior, quality of life, OSAS symptoms, and polysomnographic measures. 6, 7 Of note, CHAT found improvements in parent and teacher ratings on the Conners' Rating Scale Revised: Long Version Global Index, which primarily evaluates attention, and the Behavior Rating Inventory of Executive Function (BRIEF), which evaluates executive functioning. 6 The current article presents new information from CHAT on changes in dimensions of child behavior, as measured by the parent-rated Child Behavior Checklist (CBCL), 8 which has been commonly used in past observational and open-label studies of OSAS. 9 We hypothesized that Internalizing, Externalizing, and Total Problems CBCL summary scores would improve in children with OSAS randomized to eAT vs WWSC. Secondary aims were to compare dimensions of behavior at baseline in children with OSAS to normative data; assess the relationship among behavior dimensions and polysomnographic parameters; and determine the effects of sex, race, and socioeconomic status on behavior in each study arm. We also aimed to determine the robustness of changes in behavioral and emotional symptoms when sleep-related items were eliminated from the raw data and whether rating changes from baseline to follow-up on individual sleep items differed by group.
Statement of Significance
The effect of treatment of childhood obstructive sleep apnea syndrome on behavior remains controversial, and there have been few large studies with a randomized, controlled design. Many studies have utilized the Child Behavior Checklist parental report, but this survey includes many questions directly related to sleep. The current study analyzed behavioral data from the Childhood Adenotonsillectomy Trial (CHAT), a randomized controlled trial of surgery versus watchful waiting, in 380 school-aged children with obstructive sleep apnea. There was a high prevalence of behavioral problems at baseline, with significant improvement at 7 months in those randomized to surgery compared to watchful waiting, even when specific sleep-related questions were removed from the analysis.
METHODS
Methodologic details of the CHAT trial have been published. 10 In brief, otherwise healthy school-aged children with OSAS were randomized to eAT (within 4 weeks) or WWSC. Evaluations were conducted at baseline and 7 months postbaseline, including polysomnography and standardized assessment of cognitive and behavioral functioning. This report is limited to those participants who completed both baseline and follow-up CBCL questionnaires.
The study was approved by the institutional review board at each site. Informed consent was obtained from parents/legal guardians and assent from children 7 years or older.
Study Group
Inclusion criteria included age 5-9 years, and an obstructive apnea-hypopnea index (AHI) of 2-30/hr or obstructive apnea index of 1-20/hr on polysomnography; children with saturation <90% for ≥2% of total sleep time were excluded. Additional exclusion criteria included recurrent tonsillitis, extreme obesity (body mass index [BMI] z-score ≥3), severe chronic illness (other than asthma), and prescribed medication for attention-deficit/hyperactivity disorder.
Overweight was defined as BMI >85th percentile, and obesity as >95th percentile. 11 Maternal education was chosen as a marker of socioeconomic status rather than household income due to the large number of responders who declined to provide data on income ( Table 1) . Analysis of the effects of race/ethnicity was restricted to blacks versus whites due to the small number and heterogeneous nature of the other categories.
Child Behavior Checklist
The Child Behavior Checklist (CBCL) is a caregiver-completed questionnaire designed to assess multiple aspects of behavioral, emotional, and adaptive functioning in children. 8 It is one of the most widely used measures of child behavior and has been used in more than 4000 publications, including multiple prior studies of the emotional and behavioral sequelae of OSAS. 9 However, none of these studies attempted to partition out the questions directly related to sleep. The CBCL for ages 6-18 years has 112 multiple-choice items, in which the caregiver is asked to provide ratings of "not true," "somewhat or sometimes true," or "very or often true" regarding the child's functioning. In addition to summary scores of Internalizing, Externalizing, and Total Problems, scales related to specific internalizing symptoms (Anxious/Depressed, Withdrawn/Depressed, Somatic Complaints), externalizing symptoms (Rule-Breaking Behavior, Aggressive Behavior), and additional concerns (Social Problems, Thought Problems, Attention Problems) are generated based on age-and sex-specific norms (Figure 1 ). The mean value for the CBCL T-score is 50 with 1 SD being 10; higher scores indicate increased severity, with a summary score >63 being considered clinically abnormal. 8 An additional category of "Other Problems" is not normed but is included in the Total Problems scale, including items in which the caregiver is allowed to write in concerns, which are included in the ratings.
There are several age-specific versions of the CBCL. CHAT participants ranged from 5 to 9 years at study entry. As outlined in the CBCL manual for some circumstances, 8 the CBCL questionnaire for ages 6-18 was administered to all participants for consistency of data.
Statistical Analysis
Unless otherwise specified, data are shown as median (interquartile range [IQR]) for continuously measured variables as most data were not normally distributed, or as frequency (%) for categorical variables. Data were analyzed consistent with the intention-to-treat principle. The baseline CBCL abnormalities were compared to the expected prevalence using the exact binomial test. Group differences (eAT vs. WWSC) were examined using Wilcoxon rank-sum tests. Group differences in the changes in CBCL scores/scales from baseline to follow-up were evaluated by the Wilcoxon rank-sum tests for the primary analysis, as well as by linear regression of the changes on the group indicator, adjusting for each of the subgroup factors and baseline AHI and CBCL scores, as a secondary analysis. Mixed-effects logistic regression was used to compare groups based on the changes in the percentage of participants whose scores fell in the abnormal range. The associations between polysomnographic parameters and CBCL scales were examined by Pearson correlation. The CBCL contains 7 items clearly related to sleep (although not necessarily associated with OSAS), located in the Somatic, Thought, and Other Problems scales. It also allows caregivers to write in and rate concerns for Other Problems and factors these items into the Total Problems score ( Figure 1 ). To determine if the changes noted in composite scales for eAT versus WWSC were robust even in the absence of specific sleep items, raw data were analyzed after exclusion of the sleep-related items and of 2 sleep-related items that individual parents had entered in the write-in "Other" category ("grinds teeth when sleeping" and "sleeps a lot"). Norm-referenced scores do not exist for this, so raw score values for each composite scale at baseline and follow-up were calculated. The groups (eAT vs. WWSC) were also compared on the sleep-specific items at baseline and at follow-up using proportional odds ordinal logistic regression to better accommodate the discrete and sparse nature of the individual item scale (0, 1, and 2). To evaluate the effect of surgery on sleep-specific items, the groups were compared on changes in raw scores for each composite scale using the Wilcoxon rank-sum test, as described in the paragraph mentioned earlier for the original scores. The effect of age and sex on the group difference was examined using regression adjusting for age and sex.
Statistical analyses were performed using R version 3.2.4 (R Foundation for Statistical Computing, www.R-project.org). The value p < .05 was considered significant.
RESULTS

Study Group
Details of enrollment have been published. 6 In brief, 196 children in the eAT group and 204 in the WWSC group completed the study. Of these, 187 (95%) in eAT (97% of whom received the assigned intervention) and 193 (95%) in WWSC (94% of whom received the assigned intervention) completed the CBCL questionnaire at both baseline and follow-up visits and comprised the final study cohort.
Demographic and baseline polysomnographic variables are provided in Table 1 . In this primarily urban population, almost half the children were overweight/obese, a majority were black, and approximately a third of the mothers had a high school education or less. There were no significant differences between eAT and WWSC for any demographic variables. No significant differences were found in polysomnographic parameters between groups except for a statistically significant but clinically small elevation in end-tidal CO 2 levels in the eAT group.
Baseline CBCL Data CBCL data at baseline and follow-up are shown in Table 2 . There were no differences in summary scores at baseline between eAT and WWSC. Group median T-scores at baseline were within the normal range. However, the percentage of children with behavior in the abnormal range was greater than the expected 9.7% (based on the probability of scoring ≥63 with a normal distribution with a mean of 50 and SD of 10) for Internalizing (15.8%, p < .001), Externalizing (14.7%, p = .002), and Total Problems (16.6%, p < .001) scores.
There was no significant correlation between polysomnographic markers of OSAS severity (including AHI, SpO 2 nadir, percentage of sleep time with SpO 2 < 90%, peak end-tidal CO 2 and percentage of sleep time with CO 2 > 50 mmHg) and Internalizing, Externalizing, or Total Problems T-scores.
Changes at 7 Months
At follow-up, Total Problems (p < .001) and Internalizing (p = .04) CBCL T-scores decreased more in eAT than WWSC ( Table 2 ). The eAT group also showed a significantly greater decrease in Somatic Complaints and Thought Problems. A sensitivity analysis was performed for the primary analysis using a per protocol analysis (i.e., reassigning participants) based on the actual treatment that participants received, rather than the arm to which they were assigned. There were 6 children randomized to eAT who did not undergo surgery and 12 children randomized to WWSC who underwent eAT. This analysis showed qualitatively similar results to the intent-totreat analyses but with more significant p values, with a larger decrease in the Internalizing (p = .004) and Total Problems (p < .001) CBCL T-scores in eAT compared to WWSC group The p values refer to the difference in the changes from the baseline to 7 months, with significant parameters shown in italics. There were no significant differences in summary scores at baseline between the eAT and WWSC groups. Sleep-specific items were excluded from the Total, Internalizing, Somatic, Thought and Other scores; however, raw scores from all scales are provided for the sake of completeness. Raw data were unavailable for 4 participants (see text). as well as a newly apparent decrease in the Externalizing score (p = .01). The only significant group difference in change across follow-up in the percentage of participants scoring in the abnormal range was in the Somatic Complaints scale. The odds of falling in the abnormal range for somatic complaints decreased 98% for the eAT group between baseline and follow-up, whereas the odds decreased 68% for the WWSC group (p = .01 for the group difference).
Analysis of the Contribution of Sleep-Specific Items
Raw data for both baseline and follow-up were available for all but four children in the original sample (184/187 eAT and 192/193 WWSC). The effect of age and sex including main effect terms and interaction terms were not significant after removing sleep items and were therefore removed from the final model. The only difference between groups at baseline was overtiredness (p = .032), which was higher in eAT. At follow-up, however, four of the other symptoms (sleeps less [p = .042], trouble sleeping [p = .004], sleeps more [p = .012], and talks/walks in sleep [P = .006]) were significantly more improved in eAT versus WWSC (Table 3) . "Overtired" remained significantly more improved in eAT versus WWSC after adjusting for baseline differences (p = .010).
Even when sleep-specific items were omitted from the composite scores, children in eAT had significantly greater reductions in Total Problems from baseline to follow-up than WWSC (Table 2) . Changes in Internalizing score, and Somatic
Complaints and Thought Problems scales, previously found to be significant when sleep items were included, were no longer significant, suggesting that sleep concerns calculated into these scales may have been driving this finding in the initial analysis. The composite of Other Problems, even with sleep items removed, was significantly improved in eAT versus WWSC at follow-up (this scale was not examined in the prior analysis because norm-referenced scores are unavailable).
Subgroup Analyses
Models were fitted with interaction terms to evaluate the effects of sex, obesity, maternal education status, and race on CBCL summary T-score changes at 7 months. Analyses were adjusted for differences in baseline CBCL scores and AHI. There was no effect of sex, obesity or maternal education on changes in T-scores for Total Problems, Internalizing or Externalizing, with and without the sleep-specific items. Although there were no significant differences in CBCL scores between black and white children at baseline, black children randomized to eAT were significantly less likely, relative to WWSC to show an improvement in T-scores for Internalizing (p = .033), Externalizing (p = .006) or Total Problems (p < .001) compared to white children. Specifically, the mean reduction in the Total Problems score for the eAT relative to WWSC group was estimated to be 6.70 points for white children but only 0.44 points for black children. Similarly, the mean reduction in the Internalizing score for eAT participants relative to WWSC participants was estimated to be 4.91 for white children compared to 1.07 points for black children. For the Externalizing score, the mean reduction for eAT participants relative to the WWSC group was estimated to be 3.90 points for white children, compared to a mean increase of 0.60 points for black children. Because black children were less likely than white children to have normalization of their polysomnogram at 7 months, we further evaluated the effect of race on the summary T-scores by adjusting for the change in AHI. This did not substantially change the results, with Black children randomized to eAT versus WWSC still significantly less likely to show an improvement in Total Problems (p < .001), Internalizing (p = .034), and Externalizing (p = .005) T-scores compared to white children. However, these race effects were no longer significant after omitting the sleep-specific items.
DISCUSSION
To our knowledge, the CHAT study was the first to rigorously evaluate changes in behavior in response to treatment of childhood OSAS using a randomized controlled study design and a large study sample. The CBCL analysis confirmed an elevated prevalence of behavioral problems in children with OSAS at baseline, across multiple dimensions. At follow-up, there was a highly significant improvement in Total Problems, Internalizing behaviors, Somatic Complaints, and Thought Problems in children randomized to surgery as compared to WWSC. When specific sleep-related questions were removed from the analysis, the eAT group continued to show overall improvement in Total and Other Problems compared to WWSC. Behavioral abnormalities were described in the earliest reports of childhood OSAS. 12 However, systematic studies have not always demonstrated behavioral abnormalities. In a comprehensive review, Kohler et al found that less than half of 22 studies reported an increased prevalence of behavioral problems in children with OSAS. 13 For example, O'Brien found no difference in behavior, assessed with the CBCL, between 35 children with OSAS compared to controls. 14 Similarly, although many studies have shown improvements in behavior after adenotonsillectomy, 13 others have not. 15, 16 Variable types of behavioral improvements have been reported after surgery even among those studies documenting positive changes. 13 Limitations of these studies include small sample sizes and lack of randomization.
Although the CBCL is commonly used to assess behavior in children with OSAS, 9,13 it includes several questions directly related to sleep (Figure 1 ). In the current study, the Somatic and Thought scores improved the most after surgery. Reanalysis of these scores with sleep items removed indicated that sleep questions were likely contributing to group differences. However, the finding in the eAT group of greater improvement in Total Problems at follow-up remained robust, and additional significant differences in Other Problems emerged when raw score change was examined with sleep items excluded. In addition, sensitivity analyses using the treatment that participants actually received showed a significant improvement in the Externalizing score, which does not include any sleep questions. Finally, the improvements in behavior in the eAT group as shown by the CBCL mirror the previously reported changes in other dimensions of neurobehavioral functioning in the eAT group, such as the Conners and BRIEF. 6 The Conners includes only one question related to sleep ("seems tired or slowed down all the time") and the BRIEF has none.
There were no significant correlations between key polysomnographic parameters and behavioral outcomes. Although counterintuitive, this is not surprising as previous studies in both adults 17 and children [18] [19] [20] have shown a poor relation between polysomnographic parameters and neurocognitive/ behavioral outcomes. This may be because of the complex interplay of the many polysomnographic variables and multiple other factors that affect behavior, or it may be that the effect of OSAS on behavior reflects a threshold rather than a linear dosing effect.
Black children in the eAT group showed less improvement in behavior than white children. Once sleep-specific questions were excluded, there were no longer differences among racial groups. This suggests that black children were either less likely to have improvements in sleep following surgery (even when adjusted for differing levels of AHI) or that the effects of surgery on sleep were obscured by race differences in other factors such as sleep schedules and practices. 21 Strengths of this study include the large cohort, rigorous polysomnographic methods, and a randomized controlled trial design. A limitation is the subjective and unblinded nature of any caregiver-administered survey such as the CBCL, although the CBCL has been well validated and several findings persisted even after removal of the sleep items most likely to be biased by lack of blinding. Moreover, the subjective experience of families with regard to behavioral outcomes may reflect more clearly than objective testing the issues of prime importance to parents who confront decisions about adenotonsillectomy. Teacher ratings were not obtained in order to alleviate teacher burden, as the teachers were requested to fill out other study surveys. CHAT was limited to school-aged children with OSAS without prolonged desaturation; thus, the study findings should not be extrapolated to younger children or those with more severe disease.
In summary, this large randomized trial among of schoolaged children with OSAS has shown an elevated prevalence of behavioral problems across multiple dimensions. Children randomized to adenotonsillectomy showed greater improvement in both sleep-specific and more general behavioral problems than those randomized to watchful waiting. Further randomized controlled studies in younger children are warranted, as these children may be at increased risk for behavioral problems resulting from OSAS.
